The present study investigated the occurrence of selected micropollutants, including emerging contaminants from a group of pharmaceuticals and personal care products (PPCPs) in water samples from swimming pool systems. The study area was selected based on the lack of available information regarding suspected contamination of swimming pool water by PPCPs. The variety and concentration of chemical compounds in these aquatic systems can be quite diversified, presenting a challenge in terms of both purification and quality control. Determination of PPCPs requires very sensitive analytical methods that make it possible to confirm the presence of tested compounds in a complex organic extract. In this field, gas chromatography-mass spectrometry (GC-MS) can be used. With this system, selected ion monitoring can be performed, which reduces the detection limits of the investigated analyte. This paper aims to present an analytical method and strategy that can be adapted to obtain information on the composition of water in swimming pool systems. The sample preparation methodology, including Solid Phase Extraction, has been developed for the trace determination of two pharmaceuticals-caffeine, carbamazepine-and one sunscreen constituent-benzophenone-3-in swimming pool water samples.
Introduction
Maintaining the microbial water quality in order to inhibit the spread of infections and diseases is the priority for all swimming pool owners and managers. According to sanitary and hygienic guidelines, disinfection with chlorine compounds is required in public swimming pools [1, 2] . There are a number of disinfectants that have been used in swimming pools with the potential to produce a wide range of disinfection by-products (DBPs) through reaction with organic and inorganic matter; this has been well established from studies on disinfection of drinking water. Due to the recirculation technology that is applied, higher chlorination levels, higher organic matter content, and much more DBPs are formed in swimming pool systems compared to drinking water [3] .
There are many studies on chemical contaminants in swimming pools focusing on the occurrence of DBPs [3] [4] [5] [6] . However, some authors have concluded that further research is needed to evaluate potential health risk not only from DBPs but also from other chemicals occurring in swimming pools [7, 8] . Research on pharmaceuticals and personal care products (PPCPs) in swimming pools are still in their infancy and available data are limited.
The most commonly identified compounds from PPCPs group in swimming pools around the world include caffeine, carbamazepine, and benzophenone-3. Caffeine-a stimulant very popular in body lotions, bath lotions, and creams-was found in swimming pools by Weng et al. [9] , Suppes et al. [10] , and Teo et al. [11] . Ekowati et al. [12] proved carbamazepine to be ubiquitous in swimming pools
Materials and Methods
The analytical standards of micropollutants-carbamazepine (CBZ), caffeine (CAF), and benzophenone-3 (BP-3)-were supplied by Sigma-Aldrich (Poznań, Poland). The properties of the tested compounds are summarized in Table 1 . Organic solvents methanol and acetonitrile of purity grade >99.8% and >99.5% respectively, by Avantor Performance Materials Poland S.A. were also used. Disposable Supelclean™ tubes by Supelco were applied to solid phase extraction. Six types of SPE tubes were tested-ENVI™-8, ENVI™-18, LC™-8, LC™-18, LC™-CN, and LC™-Ph. They are compared in Table 2 . The extract was analyzed using a gas chromatograph coupled to mass spectrometry (GC-MS) with Electronic Ionization, Model 7890B by Perlan Technologies (Warszawa, Poland). The extract was separated in SLB TM -5 ms Capillary GC Column of Supelco with an internal diameter of 0.25 mm, a length of 30 m, and a layer thickness of 0.25 µm.
In this work, the method of internal standards (IS-mirex) was used to improve the precision of quantitative analysis. The purpose of the internal standard was that it would behave similarly to the analyte but provide a signal that can be distinguished from that of the analyte. 
The analytical standards of micropollutants -carbamazepine (CBZ), caffeine (CAF), and benzophenone-3 (BP-3)-were supplied by Sigma-Aldrich (Poznań, Poland). The properties of the tested compounds are summarized in Table 1 . Organic solvents methanol and acetonitrile of purity grade >99.8% and >99.5% respectively, by Avantor Performance Materials Poland S.A. were also used. Disposable Supelclean™ tubes by Supelco were applied to solid phase extraction. Six types of SPE tubes were tested-ENVI™-8, ENVI™-18, LC™-8, LC™-18, LC™-CN, and LC™-Ph. They are compared in Table 2 . The extract was analyzed using a gas chromatograph coupled to mass spectrometry (GC-MS) with Electronic Ionization, Model 7890B by Perlan Technologies (Warszawa, Poland). The extract was separated in SLB TM -5 ms Capillary GC Column of Supelco with an internal diameter of 0.25 mm, a length of 30 m, and a layer thickness of 0.25 μm.
Results and Discussion
The optimum experimental conditions for the extraction and quantification of all selected analytes were investigated by means of an experimental design procedure, the results of which are presented.
The Linearity of the Mass Detector Response
The following GC-MS (EI) operating parameters have been determined: 
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The Linearity of the Mass Detector Response
The following GC-MS (EI) operating parameters have been determined:
• the oven temperature program: 80 °C (6 min), 5 °C/min to 260 °C, 20 °C/min to 300 °C • the support phase: helium with a flow of 1.1 mL/min 
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The following GC-MS (EI) operating parameters have been determined: In order to calibrate the mass detector, the calibration curves were prepared based on standard solutions prepared in methanol in a concentration range from 0.5 to 10 ng/µL. The linearity of the mass detector response was examined. It was checked by linear regression (Figure 1 ). Five repetitions were made to validate these calibration curves. Parameters of calibration curves are presented in Table 3 . Note: t R -the retention time; SD-the standard deviation; R 2 -the correlation coefficient; a-the directional factor; S a -the standard deviation of directional factor; b-the free term; S b -the standard deviation of free term.
The obtained values of R 2 coefficient show the linearity of the detector's response. Retention times of compounds allow for proper separation and appropriate identification in complex water matrices. The standard deviations of tR are acceptable. In order to calibrate the mass detector, the calibration curves were prepared based on standard solutions prepared in methanol in a concentration range from 0.5 to 10 ng/µL. The linearity of the mass detector response was examined. It was checked by linear regression (Figure 1) . Five repetitions were made to validate these calibration curves. Parameters of calibration curves are presented in Table 3 . Note: tR-the retention time; SD-the standard deviation; R 2 -the correlation coefficient; a-the directional factor; Sa-the standard deviation of directional factor; b-the free term; Sb-the standard deviation of free term.
The obtained values of R 2 coefficient show the linearity of the detector's response. Retention times of compounds allow for proper separation and appropriate identification in complex water matrices. The standard deviations of tR are acceptable. 
The Repeatability of the Quantitative Results
In the process of identifying and assessing the concentration of micro-organic compounds in swimming pools, the repeatability of the quantitative results is of key importance. Table 4 shows the values of the coefficient of variation (CV) that is a measure of the repeatability of the measurements. The limit of detection (LOD) was also determined and presented in Table 4 . It determines the lowest amount of a substance that can be distinguished from the absence of that substance within a certain confidence interval [18] . The obtained values of CV did not exceed 3%, confirming the high repeatability of the conducted measurements. The analysis of repeatability was also made using peak areas of mass ions (m/z), which were corrected with areas obtained for the constant content of the internal standard. 
Sample Preparation Procedure
The main step in developing an analytical procedure for the determination of compounds in pool water is the selection of a sample preparation procedure. Because of the complexity of the matrix and the low concentrations of analytes, it is necessary to isolate the analytes from the samples. In our study, solid phase extraction was used to separate the compounds from swimming pool water according to the following steps:
• conditioning: 10 mL of solvent-methanol or acetonitrile or methanol-acetonitrile mixture (5 mL methanol and 5 mL of acetonitrile), speed 10 mL/min • washing 5.0 mL of deionized water • dosing of water samples (volume of 1 L in case of the real swimming pool water extraction or 20 mL in the case of the standard solution extraction) • drying 5 min under vacuum • elution: 3 mL of solvent-methanol or acetonitrile or acetonitrile-methanol mixture (1.5 mL of acetonitrile and 1.5 mL of methanol), speed 10 mL/min 
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Sample Preparation Procedure
• conditioning: 10 mL of solvent-methanol or acetonitrile or methanol-acetonitrile mixture (5 mL methanol and 5 mL of acetonitrile), speed 10 mL/min • washing 5.0 mL of deionized water • dosing of water samples (volume of 1 L in case of the real swimming pool water extraction or 20 mL in the case of the standard solution extraction) • drying 5 min under vacuum • elution: 3 mL of solvent-methanol or acetonitrile or acetonitrile-methanol mixture (1.5 mL of acetonitrile and 1.5 mL of methanol), speed 10 mL/min
The optimization of extraction conditions was performed by searching for the appropriate combination of SPE tube type and solvents used for both conditioning and elution. It was carried out by inserting the standard at the concentration level of 1 mg/L into the deionized water matrix. It was then subjected to an SPE process using different type of tubes and different solvents. Recovery and limit of quantification (LOQ) were examined for each method of sample preparation. They are listed in Table 5 . Based on these parameters, the most optimal methodology was chosen. Conditioning with a mixture of methanol and acetonitrile and extraction in the ENVI-18 tube was considered the best suited. The worst results were obtained after the conditioning with a mixture of methanol and acetonitrile and extraction in the LC-CN tube. Recovery studies to evaluate the percentage of analyte extracted from swimming pool water samples were conducted. Table 6 summarizes results obtained in the most optimal solid phase extraction methodology for the various matrices. It was carried out by inserting the standard at the concentration level of 1 mg/L into the different water matrices-the deionized water, the tap water, and the swimming pool water. The lowest recovery was obtained for tap water. The recoveries of both deionized water and swimming pool water was 100%. Based on the calculated recovery factors, the accuracy of the results obtained from the chosen analytical method was very good. The repeatability of the results, measured as the standard deviation, was satisfactory; its value was in the range 1 to 10%. Table 6 . Recoveries obtained in the most optimal solid phase extraction methodology (methanol + acetonitrile and ENVI-18 tube) for different matrices.
Matrix
Recovery ± SD (%) CAF
BP-3 CBZ
Deionized water 100 ± 2.4 100 ± 9.9 100 ± 10.0 Tap water 92.5 ± 2.8 95.7 ± 1.2 98.4 ± 8.2 Swimming pool water 100 ± 2.2 100 ± 5.9 100 ± 5.4
The limits of quantification of tested compounds in different matrices are presented in Table 7 . The lowest LOQs were obtained for swimming pool water, while the highest were observed for deionized water. The observed differences show the influence of organic and inorganic substances presence in water matrix on the LOQ value. 
Analysis of Real Samples
The procedure developed in the presented study was applied to several samples obtained from swimming pools located in the region of Silesia, Poland. The quantification of the samples was carried out according to the procedure described previously, and the concentrations of detected analytes were obtained from an average value of three measurements. The results obtained (Table 8) indicated that the presented procedure could be successfully applied to PPCPs residue determination in real water samples. However, it was observed that sampling strategy is a critical parameter for the representative monitoring of these compounds. The concentration levels of trace contaminants in swimming pool water vary a lot depending on many factors, for example, point and time of sampling (Figure 2) , type of swimming pool basin, and the number of swimmers [28, 29] . They also vary due to the water recirculation applied [30] . 
Conclusions
An analytical methodology for the trace determination of three widely used PPCPs in swimming pool water is presented. The developed methodology can be used for analytical control of swimming pool water treatment processes from selected pharmaceuticals and personal care products. It was proven that the presented analytical procedure enables the quantification of caffeine, carbamazepine, and benzophenone-3 with satisfactory repeatability and accuracy. The selected compounds could be efficiently determined under the optimized experimental conditions. The obtained recovery values ensure the possibility of full quantitative control of the tested micropollutants in samples collected from swimming pool water systems.
The different physicochemical composition of water affects LOQ. The values of LOQ obtained for swimming pool water were lower compared to deionized and tap water.
The developed methodology was successfully applied for monitoring PPCP compounds in swimming pool water samples at the ng/L levels. Considering the European Union directive for bathing and swimming pool waters, this paper presents an analytical tool for the incorporation of PPCP residuals in bathing water quality criteria.
As sampling strategy is a critical parameter for the representative monitoring of micropollutants, it is necessary to determine the point where the worst results occur. Accumulation of micropollutants in some point may also affect other basic water quality parameters that are constantly monitored. It is important that pool water quality control is carried out in a critical location. 
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